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(54) VARIABLE VALVE DEVICE FOR ENGINE 
(57)Abstract 

PURPOSE: To stabilize combustion and reduce fuel consumption by 
delaying opening/closing timings of an intake valve during low speed 
and low load operation time for reducing a lifting rate, advancing the 
opening/closing timings of the intake valve during low speed and 
high load operation time for reducing the lifting rate, and delaying 
the opening/closing timing of the intake valve during high speed 
operation time for increasing the valve lifting rate. 
CONSTITUTION: Main rocker arms 1 are provided on a valve lift 
adjusting mechanism 40 corresponding to two intake valves of each 
cylinder, which arm I is supported to a cylinder head 69 through a 
main rocker shaft 3. An adjust screw 10 is arranged between the 
arm 1 and the intake valve. A sub-rocker arm 2 is provided with a 
sub-rocker shaft 16 therebetween. A valve timing adjusting 
mechanism 70 is arranged between a cam shaft 72 and a cam pulley 
71 which receives torque from a timing belt 66. A helical gear 73 
advances the cam shaft 72 by means of hydraulic pressure in a 
hydraulic chamber 75. The valve lift adjusting mechanism 40 and the 
valve timing adjusting mechanism 70 are controlled by means of a 
control unit 51 through solenoid changeover valves 45, 79. 
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(57) Abstract: 

Objective 

To provide a variable valve device for controlling the valve lift characteristics of an 
intake valve according to operating conditions. 
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Construction 



[The present invention] is equipped with a valve timing adjustment mechanism to change 
the phase angle of an intake camshaft relative to a crank shaft, and a valve lift adjustment 
mechanism to selectively switch between multiple cams having a different profile and to 
change the lift height of the intake valve, wherein a control unit is constructed by 
delaying the opening/closing timing of the intake valve at the time of low rpm & low load, 
and concurrently lessening the lift height of the intake valve; by advancing the 
opening/closing timing of the intake valve at the time of low rpm & high load, and 
concurrently lessening the lift height of the intake valve; and by delaying the 
opening/closing timing of the intake valve at the time of high rpm, and concurrently 
increasing the lift height of the intake valve at the time of high rpm. 
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What is claimed is 

1. A variable valve device for an engine, wherein, the variable valve device for an engine 
is a variable valve device for an engine equipped with an intake-side camshaft to drive 
the opening/closing of an intake valve, a valve timing adjustment mechanism to change 
the phase angle of the intake-side camshaft relative to a crankshaft, multiple cams having 
a different profile, a valve lift adjustment mechanism to switch between cams driving the 
opening/closing of the intake valve, a means to detect the engine operating conditions, 
and a control means to drive the valve timing adjustment mechanism and the valve lift 
adjustment mechanism according to the engine operating conditions, wherein a control 
means is constructed by delaying the opening/closing timing of the intake valve via the 
valve timing adjustment mechanism at the time of low rpm & low load, and concurrently 
lessening the lift height of the intake valve via the valve lift adjustment mechanism; by 
advancing the opening/closing timing of the intake valve via the valve timing adjustment 
mechanism at the time of low rpm & high load, and concurrently lessening the lift height 
of the intake valve via the valve lift adjustment mechanism; and by delaying the 
opening/closing timing of the intake valve via the valve timing adjustment mechanism at 
the time of high rpm, and concurrently increasing the lift height of the intake valve via 
the valve lift adjustment mechanism. 

2. The variable valve device for an engine according to Claim 1, wherein, the control 
means is constructed by switching and operating between the valve timing adjustment 
mechanism and the valve lift adjustment mechanism having a time difference at the time 
of switching between the valve lift characteristics of the intake valve. 

3. The variable valve device for engine according to Claim 2, wherein, the control means 
is constructed such that after switching to the valve lift adjustment mechanism and 
operating the mechanism are performed first under operating conditions to shift from low 
rpm & high load to high rpm, switching to the valve timing adjustment mechanism and 
operating the mechanism are performed, and, after switching to the valve timing 
adjustment mechanism and operating the mechanism are performed first under the 
operating conditions to shift from high rpm to low rpm & high load, switching to the 
valve lift adjustment mechanism and operating the mechanism are performed. 

4. The variable valve device for engine according to Claim 3, wherein, the control means 
is constructed such that after switching to the valve lift adjustment mechanism and 
operating the mechanism are completed under operating conditions to shift from low rpm 
& high load to high rpm, switching to the valve timing adjustment mechanism and 
operating the mechanism are performed, and after switching to the valve timing 
adjustment mechanism and operating the mechanism are completed under operating 
conditions to shift from at high rpm to low rpm & high load, a switch is made to the valve 
lift adjustment mechanism and the mechanism is operated. 
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DETAILED DESCRIPTION OF THE INVENTION 



[0001] 

Industrial Field: 

The present invention relates to a variable valve device for controlling the valve lift 
characteristics of an intake valve according to engine operating conditions. 

[0002] 

Prior art and related problems: 

It is conventionally known that cams engaged in opening/closing an intake valve or an 
exhaust valve according to operating conditions are selectively switched, resulting in 
controlling the intake/exhaust timing or intake/exhaust volume (for example, Japanese 
Patent Application Laid-Open Nos. 63-167016 and 63-57805). 

[0003] 

In explaining this, a low-speed rocker arm whose oscillating end comes into contact with 
a valve, and, a high-speed rocker arm adjacent to one side of the low-speed rocker arm 
and not having any contact with the valve are oscillatably supported by a common rocker 
shaft, and a low-speed cam abrades the low-speed rocker arm and a high-speed cam 
having a profile in which an open valve angle or a valve lift height is greater than that of 
the low-speed cam abrading the high-speed rocker arm. 

[0004] 

In addition, in the oscillating section apart from the rocker shaft by a pre-determined 
distance, fitting/coming off a plunger reacting by an operational hydraulic pressure 
into/from a fitting hole results in the connection/disconnection of two rocker arms in a 
direction parallel to the rocker shaft. 

[0005] 

Problems Overcome by the Invention: 

However, in the conventional device to selectively switch between multiple cams 
according to engine operating conditions, because it is necessary to set an open valve 
period by the low-speed cam within the range of an open valve period by the high-speed 
cam, for example, if an attempt is made to advance the close valve period of the intake 
valve in order to control the gas mixture intaken by a cylinder in the low rpm & high-load 
range to be discharged into an intake port in the vicinity of bottom dead center during the 
intake process, the open valve period is decreased and filling efficiency deteriorates, with 



the problem that that a torque decline may occur in the vicinity of the number of 
revolutions to switch from a low-speed cam to a high-speed cam. 

[0006] 

Focusing upon this problem, the objective of the present invention is to provide a variable 
valve device to properly control the valve lift characteristics of an intake valve according 
to operating conditions. 

[0007] 

Problem Resolution Means: 

The present invention comprises a variable valve device for an engine equipped with an 
intake-side camshaft to drive the opening/closing of an intake valve, a valve timing 
adjustment mechanism to change the phase angle of the intake-side camshaft relative to 
the crankshaft, with multiple cams having a different profile, a valve lift adjustment 
mechanism to switch between the cams driving the opening/closing of the intake valve, a 
means to detect engine operating conditions, and a control means to drive the valve 
timing adjustment mechanism and the valve lift adjustment mechanism according to the 
engine operating conditions, the control means being constructed by delaying the 
opening/closing timing of the intake valve via the valve timing adjustment mechanism at 
the time of low rpm & low load, and concurrently lessening the lift height of the intake 
valve via the valve lift adjustment mechanism; by advancing the opening/closing timing 
of the intake valve via the valve timing adjustment mechanism at die time of low rpm & 
high load, and concurrently lessening the lift height of the intake valve via the valve lift 
adjustment mechanism; and by delaying the opening/closing timing of the intake valve 
via the valve timing adjustment mechanism at the time of high rpm, and concurrently 
increasing the lift height of the intake valve via the valve lift adjustment mechanism. 

[0008] 

In the invention according to Claim 2, the control means is constructed by switching and 
operating between the valve timing adjustment mechanism and the valve lift adjustment 
mechanism having a time difference at the time of the switching between the valve lift 
characteristics of the intake valve. 

[0009] 

In the invention according to Claim 3, the control means is constructed such that after 
switching to the valve lift adjustment mechanism and operating the mechanism are 
performed first under the operating conditions to shift from low rpm & high load to high 
rpm, switching to the valve timing adjustment mechanism and operating the mechanism 
are performed, and after switching to the valve timing adjustment mechanism and 
operating the mechanism are performed first under the operating conditions to shift from 



high rpm to low rpm & high load, switching to the valve lift adjustment mechanism and 
operating the mechanism are performed. 

[0010] 

In the invention according to Claim 4, the control means is constructed such that after 
switching to the valve lift adjustment mechanism and operating the mechanism are 
completed under the operating conditions to shift from low rpm & high load to high rpm, 
switching to the valve timing adjustment mechanism and operating the mechanism are 
performed, and after switching to the valve timing adjustment mechanism and operating 
the mechanism are completed under the operating conditions to shift from high rpm to 
low rpm & high load, switching to the valve lift adjustment mechanism and operating the 
mechanism are performed. 

[0011] 

Operation: 

Delaying the opening/closing timing of the intake valve via the valve timing adjustment 
mechanism at the time of low rpm & low load, and concurrently lessening the lift height 
of the intake valve via the valve lift adjustment mechanism and lessening the valve 
overlap result in the restraint of the exhaust [gas] to be blown back from the exhaust port 
into a cylinder, the lowering of the remainder gas ratio, the stabilization of combustion, 
and the enhancement of the idling stability; concurrently, the reduction of fuel 
consumption. 

[0012] 

Advancing the opening/closing timing of the intake valve at the time of low rpm & high 
load via the valve timing adjustment mechanism results in controlling the gas mixture 
intaken by the cylinder to be discharged into the intake port in the vicinity of bottom dead 
center during the intake process and the enhancement of the intake filling efficiency. At 
this time, lessening the lift height of the intake valve via the valve lift adjustment avoids 
excessive valve overlap, lowers the remaining gas and increases the generated torque. 

[0013] 

Delaying the opening/closing timing of the intake valve at the time of high rpm via the 
valve timing adjustment mechanism, and concurrently increasing the lift height of the 
intake valve via the valve lift adjustment mechanism results in increasing the intake 
filling efficiency by utilizing the inertia supercharging effect of the intake. In addition, 
increasing the valve overlap enables obtaining a scavenging effect of the exhaust 
[gas] due to a negative pressure wave generated within an exhaust pipe, the reduction of 
the exhaust [gas] loss from being forced out and improved output. In other words, 
negative pressure is generated due to the exhaust gas migration within the exhaust pipe in 
the second half of the exhaust process. Concurrently, inflow of the intake airflow into the 
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cylinder during the overlapping period results in the enhancement of the exhaust gas 
scavenging effect, 

[0014] 

In the invention according to Claim 2, because it is constructed so that switching between 
the valve timing adjustment mechanism and the valve lift adjustment mechanism by 
having a time difference when operating to switch between the valve lift characteristics 
of the intake valve, and switching between the valve timing characteristic and the valve 
lift characteristic by stages enables the mitigation of the engine torque shock to be 
generated at the time of switching. 

[0015] 

In the invention according to Claim 3, after switching to the valve lift adjustment 
mechanism and operating the mechanism are performed first under the driving conditions 
to shift from low rpm & high load to high rpm, switching to the valve timing adjustment 
mechanism and operating the mechanism results in the reduction of the time period 
required for switching and the enhancement of the acceleration response compared to the 
case of first switching to the valve timing adjustment mechanism, which has a 
comparatively slow switching operation speed. 

[0016] 

After switching to the valve timing adjustment mechanism and operating the mechanism 
are performed first under the operating conditions to shift from high rpm to low rpm & 
high load, switching to the valve lift adjustment mechanism and operating the mechanism 
enable the prolongation of the time period required for this switching and the mitigation 
of shock due to rapid deceleration compared to a case of first switching to the valve lift 
adjustment mechanism, which has a comparatively fast switching operation speed. 

[0017] 

In the invention according to Claim 4, after switching to the valve lift adjustment 
mechanism or the valve timing adjustment mechanism and operating the mechanism are 
completed first according to the operating conditions, switching to the valve timing 
adjustment mechanism or the valve lift adjustment mechanism and operating the 
mechanism enable a secure provision of a time difference in the operation completion 
timings between the valve timing adjustment mechanism and the valve lift adjustment 
mechanism, respectively. 

[0018] 
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Embodiment: 

Figs. 2 and 3 show the mechanical construction of an embodiment of the present 
invention. 

[0019] 

A valve lift adjustment mechanism 40 is described first. A single unit main rocker arm 1 
is established at each cylinder by corresponding to two intake valves 9. A base end of the 
main rocker arm 1 is oscillatably supported by a cylinder head 69 via a main rocker shaft 
3 in common with each cylinder, and adjustment screws 10 having the stem top of each 
intake valve 9 come into contact are fastened to the end of the main rocker arm 1 via nuts 
11. 

[0020] 

A roller 14 rotatably connects the main rocker arm 1 to the shaft 13 via a needle bearing, 
and is designed such that a low-speed cam 21 makes contact with the roller 14 while it 
rotates. 

[0021] 

The main rocker arm 1 is formed to be roughly rectangular on the top view, and a sub- 
rocker arm 2 is established in parallel to the roller 14. The base end of the sub-rocker 
arm 2 connects the main rocker arm 2 [sic. T?] to be relatively rotatable relative to the 
main locker arm 2 [sic] via a sub-rocker shaft 16. The sub-rocker shaft 16 is slidably 
fitted into a hole 17 formed in the sub-rocker arm 2, and in the meantime, is press-fitted 
into a hole 18 formed in the main rocker arms 1, respectively. 

[0022] 

The sub-rocker arm 2 does not have any section contacting the intake valve 9, and a cam 
follower 23 sliding onto the high-speed cam 22 is formed by an arc-like projection at the 
end, and a lost motion spring 25 pressing the cam follower 23 to the high-speed cam 22 is 
disposed at the lower side. 

[0023] 

A cylindrical concave portion 26, positioned immediately below the sub-rocker arm 2, 
where the lost motion spring 25 is disposed, is integrally formed in the main rocker arm 1. 
The lower end of the coil-state lost motion spring 25 is situated on a bottom surface 26a 
of the concave portion 26, and its upper end comes into contact with a follower 28, which 
is integrally formed in the sub-rocker arm 2 via a retainer 27, slidably fitting into the 
concave portion 26. 

[0024] 
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The low-speed cam 21 and the high-speed cam 22 are integrally formed in the common 
camshaft 72, respectively, and are formed to have a different shape (also including a 
similar figure with different size) to satisfy the valve lift characteristics required at the 
time of low rpm and high rpm of the engine. In this embodiment, as shown in Fig. 4, the 
high-speed cam 22 has a profile where both the valve lift height and the valve opening 
period are increased compared to that of the low-speed cam 21. Herein, both the valve 
lift height and the valve opening period are expanded. Furthermore, when the lift height 
of the cam to drive the exhaust valve is 'hi', the lift height of the high-speed cam 22 is 
'h3' and the lift height of the low-speed cam 21 is lx2\ there is a relationship, h3 > hi > 
h2. 

[0025] 

As a connection driving means enabling the locking of the relative rotation of both rocker 
arms 1 and 2, plungers 33, 31 and 34 are slidably fitted across the main rocker arm 1 and 
the sub-rocker arm 2, and a hydraulic path 43 connects behind the plunger 33; in the 
meantime, a return spring 38 is disposed behind the plunger 34. 

[0026] 

If the operational hydraulic pressure led from the hydraulic path 43 is low, the plungers 
33 and 31 fit into the sub-rocker arm 2 and the main rocker arm 1, respectively, and the 
oscillation of both are not restrained. In the meantime, when the operational hydraulic 
pressure led from the hydraulic path 43 ascends, the plungers 33 and 31 slide while 
compressing the return spring 38, and fit into and throughout the main rocker arm 1 and 
the sub-rocker arm 2, integrating the oscillation of both. 

[0027] 

The hydraulic path 43 is established through the inside of the main rocker arm 1 and the 
main rocker shaft 3, and the discharged hydraulic pressure of an oil pump 57 is led via an 
electromagnetic directional control valve 45 at the pre-determined high rpm. 

[0028] 

Valve timing adjustment mechanism 70 is described next. The valve timing adjustment 
mechanism 70 is established between a camshaft 72 and a cam pulley 71, and is designed 
to change the phase angle of both and to change the opening/closing timing of the intake 
valve 9 according to the operating conditions. Torque from a crank shaft (un-shown) is 
transmitted to the cam pulley 7 1 via a timing belt 66. 

[0029] 

A barrel inner housing 65 is fastened at the end of the camshaft 72 via a bolt 64. A barrel 
outer housing 63 rotatably fitting into the outer circumference of the inner housing 65 is 
established, and the cam pulley 71 is integrally formed in the outer housing 63. 
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[0030] 



A ring-state helical gear 73 is disposed between the inner housing 65 and the outer 
housing 63. Helical splines are formed around the inner and outer circumferences of the 
helical gear 73, respectively, and each helical spline is engaged with the outer 
circumference of the inner housing 65 and the inner circumference of the outer housing 
63. Accompanied with the shift of the helical gear 73 resisted by the return spring 74, the 
inner housing 65 relatively rotates relative to the outer housing 63, and the phase angle of 
the camshaft 72 in the rotative direction relative to the cam pulley 71 is changed. 

[0031] 

A hydraulic chamber 75 is partitioned within the inner housing 65, the outer housing 63 
and the helical gear 73. When the hydraulic pressure led to the hydraulic chamber 75 
ascends beyond a pre-determined value, the movement of the helical gear 73 resisted by 
the return spring 74 toward the right direction in the diagram from the desired position 
[sic] results in the revolution of the camshaft 72 in the direction where the 
opening/closing timing of the intake valve 9 is advanced. 

[0032] 

With this design, when the helical gear 73 is located at the initial position [sic], the 
opening/closing timing of the intake valve 9 is delayed as shown by the solid line in Fig. 
4, and when the helical gear 73 is displaced at maximum, the opening/closing timing of 
the intake valve 9 is advanced as shown by the broken line in Fig. 4. 

[0033] 

Discharged hydraulic pressure from the oil pump is induced into the hydraulic chamber 
75 via an axial hole 78 formed inside the caittshaft 72, an oil gallery 59 formed in the 
cylinder head 69, an orifice 77, and a main gallery 58 formed in cylinder block 68. 

[0034] 

The electromagnetic directional control valve 79 where opening/closing is controlled 
according to the engine operating conditions is established at the other end of the 
camshaft 72, and is designed so that the electromagnetic directional control valve 79 
lowers the hydraulic pressure led to the hydraulic chamber 75 by opening the axial hole 
78 at the time of non-electric conduction as shown in the chart, and increases the 
hydraulic pressure led to the hydraulic chamber 75 by blocking the axial hole 78 at the 
time of electric conduction. 

[0035] 
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As a control means of the valve lift adjustment mechanism 40 and the valve timing 
adjustment mechanism 70, a control unit 51 is established for controlling electric 
conduction of the electromagnetic directional control valves 45 and 79. 

[0036] 

The control unit 51 is designed so that a cooling water temperature signal, a temperature 
signal of lubricating oil and a supercharging pressure signal of the intake by a 
supercharger are entered, and while rapid fluctuation of the engine torque is restrained 
based upon these detected values, the valve lift characteristic is smoothly switched. 

[0037] 

As shown in Fig. 1, the control unit 51 controls the valve timing adjustment mechanism 
70 and the valve lift adjustment mechanism 40 to delay the opening/closing timing of the 
intake valve 9 at the time of low rpm & low load, and concurrently to lessen the lift 
height of the intake valve 9 via the low-speed cam 21; to advance the opening/closing 
timing of the intake valve 9 at the time of low rpm & high load, and concurrently to 
lessen the lift height of the intake valve 9 via the low-speed cam 21; and, to delay the 
opening/closing timing of the intake valve 9 at the time of high rpm, and concurrently to 
increase the lift height of the intake valve 9 via the high-speed cam 22. 

[0038] 

The control unit 5 1 operates to switch between the valve timing adjustment mechanism 
70 and the valve lift adjustment mechanism 40 by having a time difference at the time of 
switching between the valve lift characteristics of the intake valve 9, and the torque shock 
to be generated at the time of switching is mitigated. 

[0039] 

In other words, after the control unit 51 switches the electromagnetic directional control 
valve 45 of the valve lift control mechanism 40 from OFF to ON first under the operating 
conditions to shift from low rpm & high load to high rpm, it switches the electromagnetic 
directional control valve 79 of the valve timing adjustment mechanism 70 from OFF to 
ON. Then, after [the control unit 51] switches the electromagnetic directional control 
valve 79 of the valve timing adjustment mechanism 70 from ON to OFF first under the 
operating conditions to shift from high rpm to low rpm & high load, it switches the 
electromagnetic directional control valve 45 of the valve lift adjustment mechanism 40 
from ON to OFF. 

[0040] 

The operation is described next. 
[0041] 
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Delaying the opening/closing timing of the intake valve [9] via the valve timing 
adjustment mechanism 70 at the time of low rpm & low load, and concurrently lessening 
the lift height of the intake valve 9 via the valve lift adjustment mechanism 40 and 
lessening the valve overlap result in the restraint of the exhaust (gases) blown back into 
the cylinder from the exhaust port, the reduction of the remaining gas ratio, the 
stabilization of combustion and the enhancement of idling stability; and concurrently, the 
reduction of fuel cost. 

[0042] 

Advancing the opening/closing timing of the intake valve 9 via the valve timing 
adjustment mechanism 70 at the time of low rpm & high load results restraining the 
discharge of the gas mixture intaken by the cylinder into the intake port in the vicinity of 
bottom dead center during the intake process and the enhancement of the intake filling 
efficiency. At this time, lessening the lift height of the intake valve via the valve lift 
adjustment mechanism avoids excessive valve overlap, reduces the amount of remaining 
gas and increases the generated torque. 

[0043] 

Delaying the opening/closing timing of the intake valve 9 via the valve timing adjustment 
mechanism 70 at the time of high rpm, and concurrently increasing the lift height of the 
intake valve 9 via the valve lift adjustment mechanism 40 result enhancing the intake 
filling efficiency by utilizing the inertia supercharging of intake. In addition, increasing 
the valve overlap enables obtaining the exhaust (gas) scavenging effect due to a negative 
pressure wave generated within the exhaust pipe, reducing the loss of exhaust [gas] due 
to being forced out and improved output. In other words, negative pressure is generated 
in the second half of the exhaust process due to the exhaust gas migration within the 
exhaust pipe, and concurrently, inflow of intake airflow into the cylinder during the 
overlap period result in enhancing the exhaust gas scavenging effect. 

[0044] 

The valve lift adjustment mechanism 40 instantaneously completes the switch between 
each of the cams 21 and 22 due to turning ON/OFF the electromagnetic directional 
control valve 45. However, it takes approximately 0.2 to 1 seconds to completion to 
revolve the camshaft 72 by the valve lift adjustment mechanism 70 due to switching 
ON/OFF the electromagnetic switch valve 79. 

[0045] 

In the control unit 51, switching the electromagnetic directional control valves 45 and 79 
ON & OFF by having a time difference and switching between the valve timing 
characteristic and the valve lift characteristic by stages enable the mitigation of the 
engine torque shock generated at the time of switching. 
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[0046] 



The electromagnetic valve 45 is switched from OFF to ON first under the operating 
conditions to shift from low rpm & high load to high rpm, and after instantaneous 
switching to the valve lift adjustment mechanism 40 and operating the mechanism are 
performed, switching the electromagnetic direction control valve 79 from OFF to ON by 
having a pre-determined time difference and switching to the valve timing adjustment 
mechanism 70 and operating the mechanism result in the reduction of the time period 
required for switching and the enhancement of the acceleration response, compared to a 
case of first switching to the valve timing adjustment mechanism 70, which has a 
comparatively slow switch operation speed. 

[0047] 

The electromagnetic directional control valve 79 is switched from ON to OFF first under 
the operating conditions to shift high rpm to low rpm & high load, and after switching the 
valve timing adjustment mechanism 70 and operating the mechanism are performed, the 
electromagnetic directional control valve 45 is switched from ON to OFF and 
instantaneous switching to the valve lift adjustment mechanism 70 and operating the 
mechanism are performed. This design enables the prolongation of the time period 
required for this switching and the mitigation of shock of rapid deceleration, compared to 
a case of first switching to the valve lift adjustment mechanism 70, which has a 
comparatively fast switching operation speed. 

[0048] 

Further, the control unit 51 can be constructed such that after switching to the valve lift 
adjustment mechanism 40 and operating the mechanism are completed under the 
operating conditions to shift from low rpm & high load to high rpm, the electromagnetic 
directional control valve 79 of the valve timing adjustment mechanism 70 is switched 
from OFF to ON, and after switching to the valve timing adjustment mechanism 70 and 
operating the mechanism are completed under the operating conditions to shift from high 
rpm to low rpm & high load, the electromagnetic directional control valve 45 of the valve 
lift adjustment mechanism 40 is switched from ON to OFF. 

[0049] 

This construction enables the secure provision of a time difference to the operation 
completion timings between the valve timing adjustment mechanism 70 and the valve lift 
adjustment mechanism 40. In actuality, it takes approximately 1 second at maximum for 
the valve timing adjustment mechanism 70 to complete the operation after switching the 
electromagnetic directional control valve 79 from ON to OFF. However, after a pre- 
determined time period, which is 1 second or longer, has passed after switching the 
electromagnetic directional control valve 79 in the valve timing adjustment mechanism 
70 from ON to OFF, the electromagnetic directional control valve 45 of the valve lift 
adjustment mechanism 40 can be switched from ON to OFF. 
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[0050] 



Efficacy of the Invention: 

As described above, the present invention comprises a variable valve device equipped 
with the intake-side camshaft to drive the opening/closing of the intake valve, the valve 
timing adjustment mechanism to change the phase angle of the intake-side camshaft 
relative to the crank shaft, the multiple cams having a different profile, the valve lift 
adjustment mechanism to switch between the cams to drive the opening/closing of the 
intake valve, the means to detect the engine operating conditions, and the control means 
to drive the valve timing adjustment mechanism and the valve lift adjustment mechanism 
according to the engine operating conditions, and, the control means is constructed by 
delaying the opening/closing timing of the intake valve via the valve timing adjustment 
mechanism at the time of low rpm & low load, and concurrently lessening the lift height 
of the intake valve via the valve lift adjustment mechanism; by advancing the 
opening/closing timing of the intake valve via the valve timing adjustment mechanism at 
the time of low rpm & high load, and concurrently lessening the lift height of the intake 
valve via the valve lift adjustment mechanism; and by delaying the opening/closing 
timing of the intake valve via the valve timing adjustment mechanism at the time of high 
rpm, and concurrently increasing the lift height of the intake valve via the valve lift 
adjustment mechanism, so the valve lift characteristics of the intake valve can be properly 
controlled throughout a wide operation range, and both the torque improvement at the 
time of low/medium revolution and the output improvement at the time of high rpm can 
be accomplished. 

[0051] 

The invention according to Claim 2 is constructed by switching and operating between 
the valve timing adjustment mechanism and the valve lift adjustment mechanism by 
having a time difference when operating to switch between the valve lift characteristics 
of the intake valve, so switching between the valve timing characteristic and the valve lift 
characteristic by stages enables the mitigation of the engine torque shock to be generated 
at the time of switching. 

[0052] 

The invention according to Claim 3 is constructed such that after switching to the valve 
lift adjustment mechanism and operating the mechanism are performed first under the 
operating conditions to shift low rpm & high load to high rpm, switching to the valve 
timing adjustment mechanism and operating the mechanism are performed, and, after 
switching to the valve timing adjustment mechanism and operating the mechanism are 
performed first under the operating conditions to shift from high rpm to low rpm & high 
load, switching to the valve lift adjustment mechanism and operating the mechanism are 
performed, so the acceleration response is enhanced. Concurrently, a shock due to rapid 
deceleration can be mitigated. 
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BRIEF DESCRIPTION OF DRAWING 

Fig. 1 is a characteristic diagram showing the control details to switch between the valve 
lift characteristics in the embodiment of the present invention. 

Fig. 2 is a mechanical block diagram showing the embodiment of the present invention. 

Fig. 3 is a cross-sectional view along the X-X line in Fig. 2 showing the embodiment of 
the present invention. 

Fig. 4 is a switching characteristic diagram of the valve lift characteristics showing an 
embodiment of the present invention. 

Description of symbols: 

valve lift adjustment mechanism 

electromagnetic intake valve [sic; Translator's note: ' electromagnetic directional control 
valve' according to the contents of Specification] 
control unit 

valve timing adjustment mechanism 

79 electromagnetic directional control valve 
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Fig. 1 



Driving 
conditions 


■lectromagnetii 
X directional 
control yaive 

7 9 


Electromagnett 
directional 
control valve 






Valve lift characteristics 




At the time of 
low revolution 
& low load 


ON 






ixhaust 
valve 

y , 






; , : ::f::: : :: ; : 








\ Intake 
\ valve 








Tl 




Bl 




At the time of 
low revolution 
& high load 


OFF 


OFF 


Exhaust y 

7 






t 






N 


Mm 

—valve 






c 


Tt>C 






At the time of 
high revolution 


ON 


:; : ON^ 


Exhaust J 
valve 

- ■->*•■ i 






< : x ; .-: : .----'-- ; . ; :'.'\ 










Intake I- ; 
vatve 

















16 




17 



18 



